In this paper, we propose random fluctuation on contact and recovery rates in deterministic SIR model with disease deaths in nonparametric manner and derive a new stochastic SIR model with distributed time delay and general diffusion coefficients. By analysis of the introduced model, we obtain the sufficient conditions for the regularity, existence and uniqueness of a global solution by means of Lyapunov function. Moreover, we also investigate the stochastic asymptotic stability of disease free equilibria and endemic equilibria of this model. Finally, we illustrate our general results by applications.
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i) The population considered has a constant size K, that is, ( ) ( ) ( )
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for all t; ii) Births and deaths occur at equal rates µ in K. All the newborns are susceptible. µ is called a daily death removal rate; iii) β is the daily contact rate, i.e., the average number of contacts per infective In fact, all infectious diseases are subject to randomness in terms of the nature of transmission. Recently, Tornatore et al. [16] investigate the dynamics of system (2) by perturbing the functional contact rates and modified (2) as:
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where σ is a positive constant and W is a real Wiener process defined on a stochastic basis 
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where , , ,K α β µ have the same meaning as model (2), 
Besides, there are deaths due to disease the total population size may vary in time so that we always assume the total population size is less than K in the context, where K represents a carrying capacity. Note that if we consider the population size is a constant K and the disease-related death rate 0 γ = , besides we also take
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(where σ is a positive constant), the system (3) becomes the model which has been discussed in [16] . In [16] , Tornatore proved the stability of disease-free equilibrium under some restricted conditions. However, they didn't consider the dynamics of the endemic equilibrium. It is of great importance from a theoretical point of view to investigate the stability of the endemic equilibrium.
In this paper, we mainly study the stochastic SIR model (5) with distributed delay which has more general diffusion coefficients than model (4)'s. By means of averaged Itô formula and Lyapunov function, we obtain the sufficient conditions for the regularity, existence and uniqueness of a global solution.
Furthermore, we also investigate the stochastic asymptotic stability of disease free equilibria and the dynamics of endemic equilibria which has not been discussed in [16] .
The remaining parts of the paper are organized as follows: In Section 2, we will give some basic concepts and conclusions. In Section 3, we employ the averaged Itô formula to obtain the regularity, existence and uniqueness of the global solution of SIR model (5) . In Section 4, we derive the sufficient condition 
Some Preliminary Definition and Lemmas
At first, we recall the notation of regularity of continuous time stochastic processes as introduced in [10] . Let ( ) 
with an initial value
Definition 2. The infinitesimal generator  associated with the SDE (6) is given by
, and ,
and suppose f and g satisfy the existence and uniqueness conditions for solutions of (6) 
, that is to say the stochastic process
is called regular on  . Regularity on  implies boundedness, uniqueness, continuity and Markov property of the strong solution process X of SDE (6) with 
t denotes the solution of (6) ( ) (6) is stochastically stable.
2) In addition, if V is descresent (that is to say there exists a positive definite 
Existence, Uniqueness and Regularity of Stochastic SIR Model Solution
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Since Equation (5) 
Define  as infinitesimal generator as in Definition 2, then calculate 
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In what follows, to show that 
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Using this fact and Equation (7), one can estimates ( ) 
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∈ +∞ , because of the appearance of the function ( )
Then it proves the regularity and the global existence of the solution ( ) ( ) ( ) ( ) , , S t I t R t ∈ and by means of Lemma 2.1 under the condition of (A), we also derive the uniqueness and continuity of the solution.
Similarly the above discussions, we only need to take the function ( ) 3) If 0 R = , then the system (5) will become
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. By using the similar analysis, we know that the above SDE is regular which implies there exists a unique global solution on 3 D . 
Global Stochastic Asymptotic Stability of Disease Free Equilibrium
, , ,0,0 (5) is globally stochastically stable on  .
Proof. Notice that the assumption 
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Stochastic Asymptotic Stability of Endemic Equilibrium
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From the following formulas and the definitions of a , b can help to
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Example
In this section, we visualize our results with some simulation to confirm them.
Due to the difficulty of the research on the drawing of the disease equilibrium X. H. Xie et al.
